INTRODUCTION {#sec1-1}
============

Surgical correction of Class III dentofacial deformities may be accomplished by mandibular setback, maxillary advancement, or a combination of both. Intraoral vertical ramus osteotomy (IVRO) and sagittal split ramus osteotomy (SSRO) or combinations of both (IVRO + SSRO) are representative surgical procedures for various forms of mandibular jaw deformity.\[[@ref1][@ref2][@ref3]\] In some instances, the choice between these procedures is not straightforward.\[[@ref4]\] The treatments of choice are based on the extent of the deformity, degree of desirable jaw movement, and anticipated soft tissue changes following surgical intervention.\[[@ref5]\] Although SSRO is the most popular method; it has many disadvantages including alveolar nerve injury, long operation time and relapse.\[[@ref6]\] IVRO has been reported to be a suitable method in case of severe mandibular asymmetry to achieve stable mandibular results.\[[@ref7][@ref8]\] However, the most important goal for orthodontists and maxillofacial surgeons is to correct not only dental malocclusions but also to improve soft tissue profile after bimaxillary surgery. Facial soft tissue change that occur as a result of orthodontic treatment is a gradual alteration in facial features, while orthognathic surgery results in sudden and dramatic changes. It is therefore essential to be able to reliably predict postoperative soft tissue changes resulting from orthognathic surgery so that aesthetic results can be more accurately planned.\[[@ref9]\] Information on changes in the facial profile and hard to soft tissue ratio following surgical correction of mandibular prognathism has been previously reported.\[[@ref10][@ref11][@ref12][@ref13][@ref14][@ref15][@ref16]\] There has been no comparative study into bimaxillary surgery to investigate the influence of the three different surgical methods performed on the mandible on the postoperative soft tissue profile changes in Class III asymmetric subjects. The aims of this study were therefore to assess the effects of bimaxillary surgery on Class III subjects with mandibular asymmetry, and to compare the effects of the type of surgery performed in the mandible on the facial profile especially in the presence of facial asymmetry.

MATERIALS AND METHODS {#sec1-2}
=====================

This retrospective chart and radiographic study relied upon the records of 36 skeletal Class III patients with mandibular protrusion and mandibular deviation (20 females and 16 males), mean age 20.7±4.46 years (range: 17-35 years) who treated at Niigata University Medical and Dental Hospital, Japan. All patients were selected on the basis of the following criteria: Were diagnosed as having Class III malocclusion clinically and radiographically, were treated surgically by Le Fort I osteotomy in the maxilla combined with BIVRO, BSSRO, or IVRO + SSRO in the mandible, having mandibular asymmetry more than 2.2 mm,\[[@ref16]\] and had no cleft, craniofacial syndrome or trauma. Subjects were divided into three groups: BIVRO group: Comprised 9 patients (5 males and 4 females) with mean age of 19.4±2.06 years, (range: 17-23 years) at surgery who had undergone Le Fort I osteotomy in the maxilla and BIVRO in the mandible. BSSRO group: Consisted of 14 patients (4 males and 10 females) with mean age of 20.2±4.08 years, (range: 17-32 years) at surgery who had been treated by Le Fort I osteotomy and BSSRO in the mandible. IVRO + SSRO group: Comprised 13 patients (7 males and 6 females) with mean age of 22.1±5.8 years, (range: 17-35 years) at surgery who undergone Le Fort I osteotomy and IVRO in one side and SSRO on the other side. Selecting the type of mandibular osteotomy was based on the presence or absence of TMJ symptoms, the expected bony interference between segments and potentially excessive rotation of the proximal segment. Bimaxillary surgery was done by four senior surgeons at Niigata University Medical and Dental Hospital, Japan.

Surgical Methods {#sec2-1}
----------------

All patients had single segment Le Fort I osteotomy as described by Bell\[[@ref17]\] followed by down-fracture and mobilization of the maxilla, moving it to the desired position. Then rigid fixation was applied using two titanium mini-plates in the posterior region and two absorbable poly-L-lactic acid plates (Fixsorb-MX; Takiron Co, Osaka, Japan) in the anterior region. In BIVRO group, IVRO was performed in both sides. The masseter muscle was detached from the lateral surface of the mandibular ramus and cut vertically using an oscillating saw. We did not perform any repositioning or fixation of the condylar segment. After surgery, the intermaxillary fixation was maintained for a mean duration of 14 days (range 14--16 days). In BSSRO group, the SSRO was performed bilaterally with the modifications of DalPont,\[[@ref18]\] in which the split osteotomy is made at the region of the first or second molar and the teeth were placed in their planned positions using surgical splint following the mandibular split. Each condylar segment was fixed flexibly with titanium miniplates applied intraorally on each side using four monocortical titanium screws, each 2 mm in diameter. Intermaxillary fixation was maintained for a mean duration of 8 days (range 7--10 days). As for IVRO + SSRO group, IVRO was performed on the deviated side and SSRO was performed on the nondeviated side as described previously. All patients had pre and postoperative orthodontic treatments; the mean postoperative orthodontic treatment time was 14.2, 11.07, and 13.1 months in BIVRO, BSSRO, and IVRO + SSRO, respectively.

Cephalometric Analysis {#sec2-2}
----------------------

In order to evaluate the post-surgical changes, lateral and frontal cephalograms were used. The cephalograms were taken at 1 week before surgery (T1), and at 1 year after surgery with a mean time of 12.2±2.2 months (T2). On the frontal cephalograms, 1 linear and 2 angular measurements were adopted \[[Figure 1](#F1){ref-type="fig"}\]. Lateral cephalograms were analyzed using a modified soft tissue analysis of Legan and Burstone\[[@ref19]\] and Lew *et al*.\[[@ref12]\] \[Figures [2](#F2){ref-type="fig"}--[4](#F4){ref-type="fig"}\].

![Posteroanterior cephalometric reference lines and angular measurements. L line: A line connecting the latero-orbital on the right side (Lo) and on the left side (Lo'). M line: A line perpendicular to L line through Crista galli (Cg). 1. Occlusal plane angle: formed by M line and the connecting line of the occlusal surface of the right and left first molars. 2. Mandibular plane angle: formed by M line and the connecting line of the ag to ag'. 3. Mandibular deviation: Perpendicular distance from M line to menton](JOS-1-69-g001){#F1}

![Lateral cephalometric landmarks and reference planes: S, sella; N, nasion; Por, porion; Or, orbitale; A, point A; B, point B; Pog, pogonion; Me, menton; Go, gonion; U1: The most prominent anterior point on the labial surface of the upper incisor; L1: The most prominent anterior point on the labial surface of the lower incisor ; G', glabella; Sn, Subnasale; Ls, Labrale superius; Li, Labrale inferius; Stms, Stomion superius; Stmi, Stomion inferius; Si, Sulcus inferius; Pog\', soft tissue pogonion; Pn, pronasale; Cm, Columella. HP: Horizontal reference line constructed by raising a line 7 degree from sella-nasion. VER: Vertical reference line and perpendicular to HP line E-line: Esthetic line](JOS-1-69-g002){#F2}

![Hard tissue measurements. 1. SNA angle, 2. SNB angle, 3. Frankfort mandibular plane angle, 4. Upper incisor to SN line angle, 5. Lower incisor to mandibular plane angle](JOS-1-69-g003){#F3}

![Soft tissue measurements: 1. Facial convexity angle, 2. Nasolabial angle, 3. Mentolabial sulcus depth, 4. Upper lip protrusion, 5. Lower lip protrusion, 6. Upper lip length, 7. Lower lip length, 8. Inferior sulcus angle](JOS-1-69-g004){#F4}

All cephalograms were traced and measured by hand on 0.003-mm matte acetate paper (Yunipa, Kimoto, Tokyo, Japan). All tracings and measurements were done by the same researcher.

Statistical Methods {#sec2-3}
-------------------

The normality test of Shapiro--Wilkes was applied to the data. The data were found not normally distributed. Wilcoxon signed rank test was used to test any significant change in the cephalometric variables within each group. Comparison between groups were done using Kruskal-Wallis test followed by Mann-Whitney test. Pearson correlation analysis and linear regression were used to assess the degree of correlation between soft to hard tissue changes. All statistical analyses were done using Stat View statistical software program (SAS Institute Inc., Cary, NC, USA). Our level of significance was set at *P*\<0.05.

Methodological Errors {#sec2-4}
---------------------

An error analysis of cephalometric tracing and measurements was performed using 40 radiographs traced twice at 1-month interval. The method error was calculated using intraclass correlation coefficient. The results demonstrated that the reliability for all measurements was excellent and were between 0.81 and 0.99.

RESULTS {#sec1-3}
=======

[Table 1](#T1){ref-type="table"} shows characteristics and pretreatment soft and hard tissue morphology of the three groups. No significant differences were found between groups except that BIVRO group had larger vertical height ratio than BSSRO and IVRO + SSRO groups (*P*\<0.01).

###### 

Patients characteristics and pretreatment soft and hard tissue morphology of the three groups

![](JOS-1-69-g005)

[Table 2](#T2){ref-type="table"} shows the surgical changes of the three groups. The mean maxillary advancement measured at point A was 2.5±2.05 mm (*P*\<0.05) in BIVRO group, 2.29±1.73 mm (*P*\<0.01) in BSSRO group, and 2.45±1.76 mm (*P*\<0.01) in IVRO + SSRO group. The mean mandibular setback measured at point B was 8.06±1.69 mm (*P*\<0.01) in BIVRO group, 5.54±3.33 mm (*P*\<0.01) in BSSRO group, and 6.15±3.86 mm (*P*\<0.01) in IVRO + SSRO group. Setback tended to be smaller in BSSRO group and IVRO + SSRO group than in BIVRO group. All groups showed significant surgical changes in the entire hard tissue variables in the horizontal direction. BIVRO and IVRO + SSRO groups showed significant surgical changes in all of the soft tissue variables in the horizontal direction, whereas BSSRO group had only three significant surgical changes in the soft tissue labrale inferius (*P*\<0.01), sulcus inferius (*P*\<0.01) and soft tissue pogonion (*P*\<0.01).

Significant vertical changes were more pronounced in the hard tissue variables than soft tissue variables and were more pronounced in IVRO + SSRO and BSSRO groups; anterior nasal spine (BSSRO: *P*\<0.05, IVRO + SSRO: *P*\<0.01), lower incisor (for both groups, *P*\<0.01), and supramentale (both groups, *P*\<0.05), while BIVRO group showed only one significant change in the upper incisor (*P*\<0.05). As for soft tissue vertical changes, only one significant change was observed in BSSRO group (*P*\<0.05), and IVRO + SSRO group (*P*\<0.05), while BIVRO group did not show any significant change in the soft tissue variables in the vertical direction. Statistical comparison between groups revealed that there were no significant differences between groups except that, BIVRO group had greater mandibular backward movement at the hard tissue pogonion, and greater forward movement of the upper lip than BSSRO group (*P*\<0.05).

###### 

Comparison of postoperative changes of hard and soft tissue landmarks (mm) between the three groups

![](JOS-1-69-g006)

###### 

Comparison of postoperative changes of linear and angular measurments between the three groups

![](JOS-1-69-g007)

[Table 3](#T3){ref-type="table"} shows the surgical changes of the angular and linear measurement of the three groups. More significant surgical changes were observed in BSSRO (17 changes), compared with BIVRO group (14 changes) and IVRO + SSRO group (15 changes).

Comparison between groups revealed that BIVRO group had greater upper lip forward movement than BSSRO group (*P*\<0.001), and more upper lip improvement in relation to the esthetic line than BSSRO group (*P*\<0.01) and IVRO + SSRO group (*P*\<0.05).

Correlations between hard and soft tissue movements \[[Table 4](#T4){ref-type="table"}\]:

###### 

Correlations between corresponding soft to hard tissue movements and soft to hard tissue movement' ratios of the three groups

![](JOS-1-69-g008)

Correlation between corresponding mandibular soft to hard tissue movements in the horizontal direction were generally higher than that of the maxillary movements especially in BSSRO and IVRO + SSRO groups. Vertically, IVRO + SSRO group had more significant correlations between soft and hard tissue variables compared with that found in BSSRO and BIVRO groups.

In the sagittal plane, strong correlations were found between labrale inferius and lower incisor (BSSRO group: r=0.96; *P*\<0.001, IVRO + SSRO group: r=0.89; *P*\<0.001), sulcus inferius, and supramentale (BIVRO group: r=0.89; *P*\<0.001, BSSRO group: 0.95; *P*\<0.001, and IVRO + SSRO group: r=0.83; *P*\<0.001), and in the soft to hard tissue pogonion (BIVRO group: r=0.86; *P*\<0.01, BSSRO group: 0.96; *P*\<0.001, IVRO + SSRO group: r=0.91; *P*\<0.001). In the vertical plane, significant correlation between the corresponding soft tissue subnasale and hard tissue subspinale was observed in BIVRO group (r=0.68; *P*\<0.05). In BSSRO group, significant correlations was found between pronasale an anterior nasal spine (r=0.62; *P*\<0.05).

As for IVRO + SSRO group, significant correlation was found between labrale superius and upper incisor (r=0.75; *P*\<0.01), sulcus inferius and supramentale (r=0.59; *P*\<0.05) and soft to hard tissue pogonion (r=0.64; *P*\<0.05).

The ratio between mandibular soft to hard tissue movement ranged from 0.32 to 0.63 in BIVRO group, 0.28 to 1.08 in BSSRO group, and 0.59 to 1.1 in IVRO + SSRO group.

For maxillary variables, the soft to hard tissue movement ratios ranged from 0.30 to 1.04 (BIVRO group), 0.19 to 0.92 (BSSRO group), and 0.18 to 1.28 (IVRO + SSRO group).

DISCUSSION {#sec1-4}
==========

The soft tissue facial profile has been considered by patients, orthodontists, and maxillofacial surgeons as an important objective of nonsurgical and surgical orthodontic treatment, especially in patients with Class III malocclusion. Although many studies have reported the soft and hard tissue changes after one-jaw surgery or two-jaw surgery, there has been no comparative study to investigate the effect of the type of surgery performed in the mandible on the postoperative facial profile in Class III subjects. The subjects selected for this study all presented with a need for a combination of maxillary advancement and mandibular setback confirmed by the presurgical mean values of ANB angle (BIVRO group: - 4.97, BSSRO group: - 4.61, and IVRO + SSRO group: - 5.13 degrees). Beyer and Lindauer\[[@ref16]\] have suggested that the mean threshold for acceptable dental midline deviation is 2.2 mm as it appears to be easily detectable by most individuals. According to their suggestions, only subjects with mandibular midline deviation more than 2.2 mm were included. All patients presented presurgically with a concave profile and protrusive lower lip. The postsurgical values showed that an orthognathic profile had been achieved by movement of both jaws anteroposteriorly, improved facial convexity, improved labiomental fold depth, and improved upper and lower lip positions. Lin and Kerr\[[@ref20]\] have suggested that the position of the hard tissue pogonion is not suitable for representing the anterior part of the mandible as some of Class III patients possess a prognathic chin which may exaggerate the dental base discrepancy. Houston *et al*.\[[@ref21]\] have reported that the maxillary bony landmarks are being destroyed during surgery particularly ANS with Le Fort I surgery and this is likely to reduce the soft to hard tissue ratio and influence the correlation horizontally and vertically. We therefore used point A in the maxilla and point B in the mandible as a cephalometric reference points for measuring the amount of maxillary advancement and mandibular setback. It is well known that all orthognathic surgical procedures produce postoperative edema; this edema is expected to eliminate by 6 months after surgery.\[[@ref22]\] In this study, the mean postoperative follow-up time for the three groups was longer than 12 months, thus residual edema would no longer play any role in the observed soft tissue changes. It has been reported that the direction and magnitude of surgical movements may play a great role in determining the soft tissue changes,\[[@ref22]\] and that actually what was observed in our current study in which the largest maxillary and mandibular movements occurred in the horizontal direction and less movement occurred in the vertical direction. Even though BIVRO group had larger pretreatment vertical height ratio than BSSRO and IVRO + SSRO groups (*P*\<0.01) but fewer postoperative significant changes in the vertical plane were seen in this group compared with the other two groups, \[[Table 2](#T2){ref-type="table"}\]. Comparison between groups revealed that, BIVRO group showed greater mandibular backward movement measured at the hard tissue pogonion (- 8.62 mm, *P*\<0.01) than BSSRO group (- 5.14 mm, *P*\<0.01) and IVRO + SSRO group (- 6.92 mm, *P*\<0.01). Previous investigations reported that the type of surgery and the amount of setbacks might play a significant role in the postoperative stability and that more relapses occurred when the setback were larger.\[[@ref22][@ref23]\] Al-Gunaid *et al*.,\[[@ref24]\] in studying the postoperative stability of deviated side and nondeviated side after bimaxillary surgery in Class III asymmetric patients have reported that; in Class III asymmetric patients there is a possibility of horizontal relapse of the mandible not only due to the difference of the right and left setback but also due to the mediolateral displacement in the posterior margin of the distal bone segment when the mandibular dentition was rotated to correct its deviation, indicating that IVRO procedure is favorable for asymmetric cases as it can cause less rotational displacement of the proximal segment. In the present study, greater mandibular backward movement, greater upper lip forward movement, and better upper lip relation to the esthetic line in BIVRO group were observed. This hints that IVRO surgical technique could be helpful in treating severe mandibular protrusion and mandibular deviation as it allows the surgeon to position the mandible more posteriorly with different amount of mandibular setback between the right and left sides with less concern about the postoperative relapse. As a result, the facial appearance will be expected to improve, however, the present findings stand alone and further investigations are required before conclusions are drawn.

Comparison between groups revealed that, BIVRO group had greater improvement in the upper lip position than BSSRO group, (*P*\<0.01). This finding can be interpreted with reference to Gjφrup and Athanasiou\[[@ref5]\] who reported that, due to the abnormal incisal relationship before surgery, the lip is kept in a pseudoposition as a form of adaptation and compensation. Since BIVRO group in our current study had more mandibular backward movement than BSSRO group, more normal incisor relationship will be achieved. When normal incisor relationship is achieved, the soft tissue overlying the incisors will improve lip competence and posture. Although, there were no significant differences between pre and postsurgical angular relationships between mandibular incisal inclination and mandibular plane in all groups, the lower lip was significantly moved posteriorly; however, the ratio of lower lip (Li) to mandibular incisor (L1) change was 0.56:1, 1:1, 1:1 in BIVRO, BSSRO, and IVRO + SSRO groups, respectively. Lines and Steinhauser,\[[@ref9]\] Ingervall *et al*.,\[[@ref25]\] Suckiel and Kohn\[[@ref26]\] reported a ratio of 0.75:1, 0.88:1, and 0.83:1, respectively, which is larger than that found in our BIVRO group and smaller than that found in BSSRO and IVRO + SSRO groups. The ratio of labiomental sulcus (Si) to point B movement was 0.63:1, 1:1, and 0.93:1, in BIVRO, BSSRO, and IVRO + SSRO groups, respectively. IVRO + SSRO and BSSRO groups were somewhat similar to that reported by Gjorup and Athanasiou,\[[@ref5]\] (1.03:1); Fanibunda,\[[@ref11]\] (1.07:); Ingervall *et al*.,\[[@ref25]\] (1.06:l); and Robinson *et al*.,\[[@ref27]\] (1:l), and higher than that reported by Lew *et al*.,\[[@ref12]\] (0.89:1); and Marsan *et al*.,\[[@ref28]\] (0.30:1) whereas BIVRO group was found to have smaller ratio than that of previous reports and higher than that reported by Marsan *et al*.,\[[@ref28]\] The ratio of soft tissue pogonion to hard tissue pogonion change was 0.63:1 in BIVRO group, 1.01:1 in BSSRO group, and 0.83:1 in IVRO + SSRO. Lines and Steinhauser,\[[@ref9]\] Fanibunda,\[[@ref11]\] and Ingervall *et al*.,\[[@ref25]\] reported a ratio of l:l, 0.94:l, and 1.07:1, respectively, which is similar to that found in BSSRO group, and greater than that found in BIVRO and IVRO + SSRO groups.

In all groups, the correlation and ratios of corresponding mandibular soft to hard tissue movements was generally higher than that of the maxillary movements especially in BSSRO and IVRO + SSRO groups. Previous studies on single-jaw and bimaxillary surgery have explained the weaker soft tissue response to be related to the variability in soft tissue thickness, degree of deformity, and tonicity of the musculature, variability in the amount of anterior nasal spine resection, and maxillary bony landmarks being destroyed during surgery.\[[@ref20][@ref21]\] This is likely to reduce the soft to hard tissue ratio and influence the correlation horizontally and perhaps vertically. Vertically, the maxillary and mandibular soft tissue responses showed weak correlation to hard tissue. Previous studies suggested that the measurement error appeared to be greater in the vertical changes and was difficult to predict.\[[@ref29][@ref30]\] Our current finding is in agreement with these reports that accurate prediction of soft tissue changes in this dimension is difficult.

In spite of the limitation of this study as including a relatively small number of patients; some obvious trends toward postoperative changes among each group included in this study are possibly helpful during prediction and treatment planning.

CONCLUSIONS {#sec1-5}
===========

IVRO appears to be more effective in positioning the mandible more posteriorly and improving upper and lower lips position and competence.

**Source of Support:** Nil

**Conflict of Interest:** None declared.
